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Abstract 

Conventional reactor neutrino experiments are dissapearance experiments, and thus have less 
sensitivity to small mixing angles than appearance experiments do. It has been recently shown 
that future reactor neutrino experiments consisiting of a near and far detector are competitive 
with first-generation superbeams in order to determine sin^ 26'i3 down to 10~^. We show that 
by using the antineutrino-electron elastic scattering at the near detector around the configuration 
where da'^'^/dT presents a dynamical zero, an appearance-like experiment can be simulated, with 
a sensitivity comparable to the one achieved with the inverse /3-decay reaction in the far detector. 
Thus, the near detector could also be used to look for oscillations. We present how antineutrino- 
electron elastic scattering could be properly used for this purpose allowing that the combination 
of the measurements in the far detector and in the near detector would push the sensitivity of the 
experiment to a lower value of 6*13. 

PACS numbers: 14.60.Pq, 13.15.+g, 28.41.-1 FTUV-03-1111 , IFIC-03-51 
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I. INTRODUCTION 



The old solar and atmospheric neutrino problems are coming to an end and we are entering 
an era of precision experiments. During the last years, different results have given strong 
evidences of solar and atmospheric neutrino oscillations jl|, 3|- Recently, the LMA solution of 
the solar neutrino problem was confirmed by the KamLAND reactor experiment 1^ and also 
by more data from SNO 01 . The allowed regions for the solar and atmospheric square mass 
differences and mixing parameters are, thus, getting very constrained. We do not know, 
however, one very important question: whether 6^13 , i.e., the Ues mixing, is different from 
zero. This mixing is the door to the experimental measurement of fundamental CP (or T) 
violation effects p, the type of mass hierarchy pj7|,|a| and controls the Earth matter effect in 




supernova neutrino oscillations (see, e.g., Refs. [2|). Besides the experimental implications, 
the smallness of 6*13 lid, compared to the other two mixing angles (in a three-neutrino 

. nnfi . 

mixing scheme), which are relatively large l2, y|, is something not yet explained from the 
theoretical point of view. 

The CHOOZ reactor experiment provides the more stringent bounds on the value of 
^13 |in|- although there are several experiments consisting on conventional beams like 
K2K]lj|. MINOS Q or CNGS experiments Q, which could establish 6*13 7^ or improve 
the present lower limit, sin^ 2^^i3 < 0.10. Even better limits are foreseen with superbeams [l^ 
or neutrino factories |lfil |. 

When talking about controlled neutrino oscillation experiments, there are essentially two 
types of them: appearance and disappearance experiments. In an appearance experiment, 
a neutrino of a given flavor is produced. During the propagation, its flavor changes and 
it is detected via a pure charged current reaction. On the other hand, in a disappearance 
experiment a neutrino of a deflnite flavor is produced in a controlled way and the depletion 
in the original flux after propagation is the signal for oscillation. The decrease in the original 
flux is measured via charged current reactions which see the same flavor as the one produced. 
However, for small mixings, the main signal in the detector comes from neutrinos of the same 
flavor as the one produced, so this means that there is less sensitivity to small mixings for 
disappearance experiments. In addition, charged current detection has a threshold energy 
for production, so that it is, in general, impossible to use low energy neutrinos for appearance 
experiments. 
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It has been recently proposed [l^, I3| the use of reactor neutrinos to improve the sen- 
sitivity to ^^13. In order to do this, two detectors have to be used, a near detector and a 
far detector. The latter at a distance of ~ 1.7 km and the former nearer so that no oscil- 
lations take place. In this way, systematic errors can be reduced and a sensitivity down to 
sin2 2ei3 ^ 0.01 - 0.02 could be reached. 

Nuclear reactors produce low energy Vf. and the basic detection reaction is the inverse 
/9-decay which has an energy threshold of 1.806 MeV For these energies a baseline 

of ^ 1 km is needed so that oscillations can take place for the atmospheric square mass 
difference. This is, however, a disappearance experiment and thus, less sensitive to small 
mixings, which is the case. 

We would like to find an experiment capable of measuring very small mixings. In order 
to accomplish this task, we will focus on the following mixed charged and neutral current 
reaction: z/g + e~ -^v^\e~. We will make use of the fact that for another flavor, z/^. + e~ 
Vx + e~ (with X 7^ e) is a pure neutral current reaction. Consequently, the cross sections 
for these reactions are different. In principle, this fact could be used to perform a neutrino 
oscillation experiment (z/g ^ Vx) which would be a mixture of appearance and disappearance 
experiments. This mixture depends on the neutrino energy and the electron recoil direction, 
so it could be tuned by the choice of the appropiate kinematics. If oscillations take place, 
the number of recoil electrons will be different from the case of no oscillations. However, if 
both cross sections are similar, the effect has a minor impact on the study of oscillations. 
Nevertheless, it is known [2^ that the cross section for the scattering of electron antineutrinos 
on electrons presents a destructive interference and a dynamical zero for the kinematic 
configuration corresponding to an incident antineutrino energy, Ey = ^^.^f^^ ~ m^, and 
maximum recoil energy T = T^ax = 2e +m — (forward electron). The point here is 
that this zero is not present in + e~ + e~ and this fact could make possible to 

perform an appearance-like experiment. Indeed, if we were able to select only the events in 
a window around the dynamical zero configuration, we would be detecting almost only Vx 
and not z/g which would be a sort of appearance-like experiment. We will take advantage 
of these facts in order to study the possibilities of using this channel to measure (or to get 
more restrictive bounds on) t/gs- For typical antineutrino energies in a reactor, the inverse 
/3-decay reaction is the dominant one and the cross section for z7 + e — > z7 + e is less than 1% 
that ofVf.+p^e^ + n. Nevertheless, neutrino-elastic scattering has no energy threshold 
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and the reactor neutrino flux has a maximum at ~ 0.5-1.0 MeV. Keeping all this in mind, 
we will show that the near detector could be used to search for oscillations in this channel, 
and not only to reduce systematic errors in the far detector. Therefore, the combination of 
the measurement in the near and in the far detectors might improve the sensitivity to ^13. 
The main purpose of this paper is to motivate this channel as a suitable way to look for 
oscillations in the near detector. 

It is important to remark several additional facts which explain why it is worthwhile 
to study more carefully this sort of appearance-like experiment by means of the — e~ 
reaction: 

i) The dynamical zero is only present for z/g, not for z/g or z/^ (z/^), Vr {^r)- 

ii) The flavour Ve is precisely the one which is produced copiously in nuclear reactors. 



iii) The neutrino ener gy a t which the zero appears is around the peak of the antineutrino 
reactor spectrum |2ll . 
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iv) The dynamical zero is located at the maximum electron 
value is in the range of the proposed experiments 



recoil energy T ~ 2me/3. This 
2^ to detect recoil electrons. 



The outline of the paper is the following. In section II, we present the framework of 
neutrino oscillations. In section III we present the basics of the far detector measurement. 
In section IV, we analyze the optimal baseline for the near detector in order to be sensitive 
to neutrino oscillations working as an appearance experiment. The sensitivity to 6'i3, com- 
paratively as what can be done just with the far detector, is studied. Finally, in section V, 
we present our conclusions. 

II. REACTOR NEUTRINO OSCILLATIONS 

In the case of reactor neutrino experiments we are dealing with short baselines and thus, 
when considering neutrino oscillations, we can safely neglect matter effects. The form for 
the survival probability is then given by 



1 - cos^ sin^ 2^12 sin^ / ^"^21^ 
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cos^ 26'i2 sin^ 
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(2.1) 



Considering sin^ 2^13 and sin^ {~^e~^ small, to the first order in this approximation we 
can write Eq. ^2.1^ as 



p_ _ ~ 



1 - 



sin^26'i3 sin^ / ^"^3i^ 



sin^ 2^12 sin^ ' 



(2.2) 



AE ) \ AE 

If the high Am^i solution, with A.m\^ ~ 10^^ eV^, had turned out to be the right one, special 
care for the second term in the bracket in Eq. (12.211 would have been needed. In this case 
the determination of 6*13 and 612 are coupled, and a joint analysis of reactor antineutrino 
experiments with baseline of about 1 km and KamLAND would be needed (see Ref. M for 
a study of the impact of 6*13 7^ on KamLAND data). The new SNO salt phase data |J|, 
however, strogly points towards the low Arn^i solution. 

From the simplycity of Eq. p.2|l it is easily seen that correlations and degeneracies play 
a minor role in these type of experiments. However, this means that there exist some 
limitations, as it is the fact that there is no dependence on the atmospheric neutrino mixing 
6^23, on the type of hierarchy (sign of Amli) or on the CP violating phase. 

Throughout^he paper we will use the following values for the different neutrino oscillation 
parameters 



Am^i = 7.1 X lO'^eV^ ; Am^^ = 3.0 x IQ-^^eV^ ; tan2^i2 = 0.41 (2.3) 

The bracket in Eq. ()2.2jl . giving the appearance probability, -Pp^^p^ (x 7^ e), shows its 
sensitivity to small values of the mixing angle 6*13, unlike the case of the disappearance 
channel. 



III. FAR VS NEAR DETECTOR 



We will first consider the basics of the far detector reaction and the use of the elastic 
antineutrino-electron scattering in the near detector. 

In order to reach a good sensitivity to sin^ 26*13, the detection of small spectral distortions 
in the positron event rates due to antineutrino oscillations is important. This is only possible 
by selecting an optimized baseline and by reducing systematic uncertainties to the level of 
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1%. These two points are crucial if we want to achieve an order of magnitude of improvement 
for the sin^ 26^13 sensitivity. In the case of the far detector the dominant detection reaction 
is the inverse /3-decay 



Ve+p — > + n {E^)th = 1.804 MeV (3.1) 

The selection of the proper baseline which gives the first oscillation maximum for reactor 
antineutrinos, directly follows from the typical energies of the inverse /3-decay reaction, i.e., 
3.5-4.0 MeV. As we will see below, for Aml^ = (2.5 — 3.0) x lO^'^ eV^ the optimum baseline 
is ~ 1.7 km. 

We assume a far detector technology like the CHOOZ or KamLAND detectors and a 
typical integrated luminosity oi C = 8000 t ■ GW ■ yr. For concreteness, in the case of the 
Kashiwazaki-Kariwa nuclear power plant whose maximum thermal power is 24.3 GW, and 
a 100-ton detector, an exposure-time of ~ 3.3 years would represent that luminosity. 

Reaction ()3.H) has a easily recognizable signal, the positron anihilation with an electron, 
in delayed coincidence with the 7— ray from the neutron capture. The energy of the positron 
is given by 

E,+ = Eh^ - (M„ - Mp) + 0{E^jMr,) ^ E^^ - 1.293 MeV (3.2) 

The visible energy in the detector is given by the sum of the positron energy plus the 
mass of the anihilated electron, E^s = Ee+ + 0.511 MeV. Therefore, a precise measurement 
of E^is corresponds to a precise determination of the neutrino energy, Ep^. Considering 
constant detector efficiency, e, the expected number of events in the detector is given by 

1 r 

N = XpX%^pXex X J -^{^.) ■ ^{E^J ■ Pve^uAEvJ ■ dE^^ (3.3) 

where Hp is the number of protons in the detector, T^^.^ is the exposure-time, L is the 
reactor-detector distance, d^ / dEi;^{Ei;J is the initial reactor energy spectrum, <j{Et^J is the 
cross section for inverse /3-decay and Py^^^-pXEy^) is the survival Ve given by Eq. 1)2.2^ . 

The shape of the spectrum can be derived from a phenomenological parameterization of 
the spectra from several of short baselines experiments j3| 



dK. 
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FIG. 1: Antineutrino nuclear reactor flux weighted by flux square-distance factor relative to the 
far detector at 1.7 km. Near detector at 0.25 km (dashed line) and far detector at 1.7 km (solid 
line) from the reactor. 



where the values of the energy coefficients depend on the parent nuclear isotope. This 
expression is a very good approximation for antineutrino energies above 2 MeV. For lower 
energies, we have used a calculation based on a summation of the allowed shape /3 decays 
of all fission fragments. The coefficients of Eq. (13. 4|] and the calculated spectra for lower 
energies are given in Ref. 0|. In addition, we assume a constant chemical composition 
for the reactor, 53.8% of ^^^\J, 32.8% of '^^^Fu, 7.8% of ^^^U and 5.6% of ^^ipu (see, e.g., 

energy associated with the fissioning of 
each of those nuclei as given in Ref. Q, that is 201.7 MeV for ^^^U, 205.0 MeV for ^^^Pu, 
210.0 MeV for ^^^U and 212.4 MeV for ^^ipu. 

In Fig.lU we show the antineutrino nuclear reactor fiux for the near (dashed curve) and far 
(solid curve) detector distances to the reactor, weighted by the fiux square-distance factor in 
each detector. As can be seen from the figure, the nuclear reactor fiux presents a maximum 
around Ejj ~ 0.5-1.0 MeV, which it is roughly a factor of seven with respect to the relevant 
energies in the far detector, Eu = 3.5-4.0 MeV. Thus, we have taken 1.7 km and 0.25 km (~ 
1.7 km/7) for the far and near detector-reactor distances, respectively. The inverse /3-decay 
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reaction is only sensitive to antineutrino energies higher than the threshold one, 1.806 MeV 
(limited by the dotted line), while the antineutrino-electron elastic reaction is so for the 
entire spectrum. In addition, as can be seen from Fig.Ql within the region of the maximum, 
the nuclear reactor flux is a few times larger than for the relevant energies detected by the 
inverse /3-decay reaction in the far detector. All in all, due to being closer to the nuclear 
reactor and working in a higher-flux region, the spectrum around the maximum in the near 
detector is a factor ~ 100 times larger than the part of it sensitive to the inverse /3-decay in 
the far detector. This can be understood by comparing the dashed and solid lines in Fig. [H 
On the other hand, there are different calculations of the cross section for the inverse 



/3-decay which take into account different approximations valid for different regimes 
the lowest order, this cross section is given by 



To 



27r2 

a{Ee+) = — Pe+Ee+ (3.5) 

where / is the phase space factor for the free neutron decay and r„ is the lifetime of a free 
neutron. 

Although the cross section for z7 + e — > z7 + e is about 1% that of + p — > e"*" + n, 
the flux gain, discussed before, due to the use of the near detector around the maximum of 
the spectrum compensates this factor. Therefore, we expect, roughly, a similar number of 
events in the far detector using the inverse /3-decay reaction and in the near detector using 
the antineutrino-electron elastic scattering^. 

Thus, as the mixing 613 is small and the far detector performs a disappearance experiment, 
it is very important to reduce systematic uncertainties. The near detector will help in this 
task using the same reaction as the far detector, but it will also be useful to perform neutrino 
oscillation studies by itself using antineutrino-electron elastic scattering. 

IV. APPEARANCE-LIKE EXPERIMENT 

Many of the systematic uncertainties, due to poor knowledge of the neutrino flux, number 
of protons and detection efficiency cancel out if besides a far detector, a near detector is used 
and measurements in both detectors are compared. It has been recently shown [l^, [3| that 



^ Assuming similar masses for both detectors. 
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the use of a near detector at ~ 0.2 km makes possible the determination of sin^ 2^13 down to 
0.01-0.02. It has also been shown that reactor measurements can play a role complementary 
to long baseline experiments, helping to resolve parameter degeneracies. 

As we have already argued above, we will show that not only is the near detector useful 
to lower the systematic uncertainties, but also to perform neutrino oscillation measurements 
complementary to those in the far detector, by using antineutrino-electron elastic scattering 
for energies around the maximum of the reactor antineutrino spectrum, which, combined 
with the smaller baseline, implies a flux gain of ~ 100 with respect the far detector mea- 
surements. Thus, although the antineutrino-electron elastic cross section is a factor ~ 100 
smaller than in the case of inverse /3-decay, working on the maximum of the reactor spectrum, 
allows us to use this reaction for neutrino oscillation studies in the near detector. 

The main purpose of using the antineutrino-electron elastic scattering as the detection 
reaction is to simulate an appearance experiment. In order to achieve this, only that part 
of the recoil electron spectrum around the dynamical zero [3| must be considered. For this 
channel, the number of events is given by 

N = ^^,xZ,,,xex^x J -^{Ev.,T) ■ ^{E^J ■ dE^^ dT (4.1) 

where ^(£^^,T) is the sum of all the cross sections convoluted with the oscillation proba- 
bilities^ 

da^ da^" da^"" 

— (i?^,,T) = P^^^^XEv.) -^(Ev.^T) + P^^^^AEvJ ^(^e,T) (4.2) 

The first term in Eq. ()4.2I1 . the dissapearance term, is the one measured in the far detector, 
but it cannot be substracted out because the energies of interest in the near detector are 
much lower for the elastic reaction. Around the dynamical zero, da'^''/dT = 0, and Eq. ()4.2p 
shows that around this point, this reaction simulates an appearance-like experiment. 

Using the fact that the probability of Ve going to an antineutrino of any flavor must be 
equal to one, we can rewrite Eq. ()4.2|1 as 



^ We are taking the differential cross sections for ly^ and (vx) as equal, not considering radiative correc- 
tions. 
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— (E^,,T) = ^(E^,,T)+ ^(E^,,T)-^(E^,,T)) P^,^^, (4.3) 



The antineutrino-electron elastic scattering cross sections are given by 



i \2 



{9nr + (91) 



T 



9l 9r 



El 



(4.4) 



dT ■ ■ ■ Tx 

where Gi? is the Fermi coupling constant, T the recoil kinetic energy of the electron and £77. 
the antineutrino incident energy. For neutrinos one has to make the change g\ ^ g]^. In 
terms of the weak mixing angle 9^, the chiral couplings g]^ and g^^ can be written for each 
neutrino flavor as 



9l = ^+ sin^ Ow 9r = sin^ 6w 



9l'' = ~^ + ^^^^ 9'r = sin^ 



(4.5) 



From Eq. ()4.4p it is evident that if gig^ > there is a chance for the cross section 
to cancel in the physical region. From Eq. ()4.5p we see that this zero is only possible 
in the I^eC" — > I^eC" channel and, in fact, it takes place for the kinematical conflguration 
El, = me/(4 sin^ 6'iy) and maximal T. Neither da'^^'/dT nor da'^^/dT present a dynamical 
zero since g^^g^^ < 0. We will take advantage of this fact. 

In Fig. [2I we present the curves of constant values of c? = log / (solid lines) 
in the plane (6*, T) where the different regions where the appearance channel starts to be 
important^, that is when > can be clearly seen. Curves of constant antineutrino 
energy are also shown (dashed lines). 

Let us now consider the following observable: 

m - ^ (4.) 

where N{6) is the number of events for electron recoil angles smaller than 6 in the case 
of oscillations and Njj^^=q{0) is the corresponding prediction for U^^ = 0. Close to the 



^ The rel ation b etween 9 and the other two kinematic variables, E-jj and T, is given by cos6' 

E^+m^ I T 
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FIG. 2: Curves of constant values of d = log / -^jj^ 
constant antineutrino energy are also plotted (dashed lines). 



(solid lines) in the plane {9,T). Curves of 



configuration of the dynamical zero (small 9 and the T-interval around T ~ 2me/3) R > 1 
(appearance-like experiment) , while if we consider a bigger sample R < 1 (disappearance- 
like experiment). This can be clearly seen by plotting R{9) — 1 for different values of 6^ = 0.3 
(solid line), 0.5 (dashed line) and 1.11 = 9max (dotted line) rad, as a function of sin^ 26*13, 
Fig- El for an electron recoil energy interval T G [0.25, 0.80] MeV and for a reactor-detector 
baseline of L = 0.25 km. 

As can be seen from Fig. O the region around the dynamical zero has a much better 
sensitivity to Ues than in the case of making no angular selection. As expected, this is due 
to the fact that in that case, an appearance-like experiment is simulated, which is much 
more sensitive to small mixings than a disappearance-like one. Of course, when narrowing 
the angular detection window, the statistics is smaller. The immediate question one should 
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FIG. 3: R{9) - 1 as a function of sin^ 26*13, for a given T-interval, T G [0.25, 0.80] MeV, a reactor- 
detector distance of 0.25 km, and for different values of 9 = 0.3 rad (solid line), 0.5 rad (dashed 
line) and 9max = l-H rad (dotted line). 

wonder looking at Fig. 01 is whether this gain in sensitivity to ^13 when considering small 
regions is large enough to compensate this decrease of statistics. It is important to notice that 
this high slope can be due to the ratio between two small quantities, being the denominator 
close to zero (it nearly vanishes over the dynamical zero) . From Fig. El it can also be seen 
that there is an intermediate region where the effect of Vg and interfere destructively and 
we have no sensitivity at all to 6^13, even having much more statistics and independently 
of the value of 613. This is clear from Eq. (14. for the term that depend on 6^13 will be 
suppressed when the effect of ^^{E-p^,T) and ^^(£77^, T) compensate each other. Even if 
there are oscillations, at that configuration, the number of events is given just by da^^ /dT, 
and hence not being sensitive to oscillations. As seen from Eq. (|4.3p . the kinematics of that 
cancellation is given by the only condition that the charged current amplitude is twice the 
neutral current one, whereas the dynamical zero of the reaction shows up when the two 
interfering amplitudes are equal. 

In order to estimate the bounds one could extract by measuring R{6)^ we will assume that 
using the near detector to reduce systematics with the inverse /?-decay reaction, lowers the 
uncertainty on the normalization of the reactor flux to a sys = 0.8% Then, for a semi- 
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electron-recoil-angle-window, [0, 9] [rad] 



FIG. 4: {R{0) — \)/5R{6) as a function of the electron recoil angle window (from rad to 6 rad) 
for T G [0.25, 0.80] MeV, sin^ 26*13 = 0.04 and a reactor-detector baseline of 0.17 km (dashed line), 
0.25 km (solid line), 0.50 km (dotted line) and 0.75 km (dot-dashed line). 

quantitative analysis, we will assume only statistical errors along with this systematic one 
associated to the normalization of the antineutrino spectrum. In Fig. HI {R{0) — 1)/5R{6) is 
shown as a function of the electron-recoil-angle-window, 6*- window, within the T-interval, T 
G [0.25, 0.80] MeV, for different reactor-detector distances and sin^2^i3 = 0.04. From Fig. HI 
it is evident that if the entire 6*- window is considered (dissapearance regime), the sensitivity 
to small f/e3 decreases as the reactor-detector distance decreases. On the contrary, this is 
the opposite to what happens within a 6'-window around the dynamical zero (appearance 
regime), the sensitivity increases as the reactor-detector distance decreases up to ~ 0.15-0.25 
km. 

These opposite behaviors can be understood by the fact that in the disappearance regime 
larger antineutrino energies play a role, and thus larger distances keep the oscillatory factor 
in the probability around its maximum. On the other hand, for antineutrino energies around 
the dynamical zero, this oscillatory maximum is reached at a reactor-detector distance of ~ 
0.25 km. 

Comparatively, the best configuration for the appearance regime (~ 0.25 km) gives a 
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0,1 0,2 0,3 0,4 0,5 0,2 0,4 0,6 0,8 1 
reactor-detector distance, L, [km] reactor-detector distance, L, [km] 

FIG. 5: Sensitivity to sin^ 26*13 as a function of the reactor-detector baseline, L (in km), for different 
values of Am|i = 2 x 10"^ eV^ (dashed line), 3 x 10^^ eV^ (solid line) and 4 x 10"^ eV^ (dotted 
line), at the 90 % confidence level. The detection window is T € [0.25, 0.80] MeV and: 6 G [0, 0.25] 
rad (left plot) and for all 6 (right plot). 

factor of two better in {R{9) — 1)/5R{6) than the best configuration for the disappearance 
regime (~ 0.75 km). For L = 0.25 km, sin^ 2^13 = 0.04 would be resolved with a 4cr confidence 
level in the appearance regime. For this configuration, a sensitivity down to sin^ 26*13 = 0.015 
could be reached at 90% confidence level, which is comparable to the sensitivity that can be 
reached using the inverse /3-decay reaction in the far detector, sin^ 26*13 ~ 0.01. This is shown 
in the left plot of Fig. [SI where the sensitivity to sin^ 26*13 (largest value of sin^ 26*13 which 
fits the value sin^ 26*13 = at the chosen confidence level) is depicted as a function of the 
reactor-detector baseline, L (in km), for different values of ^rn\i = 2 x 10"'^ eV^ (dashed 
line), 3 x 10"^ eV^ (solid line) and 4 x 10"^ eV^ (dotted line), at the 90 % confidence 
level. The detection window selected is 6* G [0, 0.25] rad and T G [0.25, 0.80] MeV. Thus, 
in what the dependence with Am|^ is concerned, there is a worse (better) sensitivity as it 
decreases (increases), within the allowed experimental range. For smaller values of Amg^^ the 
sensitivity becomes slightly worse as the reactor-detector baseline becomes shorter (within L 
= 0.15-0.25 km), while for larger values of Amg^, the best sensitivity is obtained at shorter 
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FIG. 6: {R{0) — 1)/5R{9) as a function of the electron-recoil-angle- window (from rad to rad) 
for T G [0.15, 1.00] MeV, sin^ 2^13 = 0.04 and a reactor-detector baseline of 0.17 km (dashed line), 
0.25 km (solid line), 0.50 km (dotted line) and 0.75 km (dot-dashed line). 



baselines. The right plot in Fig. El analogous to the left one but with no 6*- window selected, 
i.e., counting all the events, shows in another way that the dissapearance channel is less 
sensitive for the allowed range of neutrino oscillation parameters. Thus, the knowledge of 
the kinematic region around the dynamical zero is of crucial importance in order to achieve 
a comparable sensitivity to the one in the far detector. 

We can also study how the widening of the T-interval, keeping an angular-window fixed, 
affects the sensitivity. This is shown in Fig.lHl which is analogous to Fig.lHbut for T G [0.15, 
1.00] MeV. As we can see from the plot, considering slightly wider T-intervals does not affect 
significantly the sensitivity to Ues while having more events. If we keep on widening the 
T-interval the sensitivity to Ue3 within the appearance regime will decrease in a significant 
way for L ~ 0.15-0.25 km and will increase for L > 0.5 km. This occurs because of the 
contribution of higher energies and the displacement of the oscillation maximum to longer 
baselines. From a certain baseline, L ~ 0.75 km, and up, the lack of events decreases the 
sensitivity. Thus, for a given Amli, there should be a compromise between narrowing the 
detection window in order to consider a region dominated by the dynamical zero (locating 
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the detector at ~ 0.15-0.25 km) with a relative small number of events, and opening up this 
window in order to have a larger number of events, and then considering higher antineutrino 
energies having to move the detector to longer baselines, and consequently losing flux. We 
have found that the 6'-window, up to 0.2 — 0.3 rad, is demanded, whereas the recoil electron 
energy interval can be moderately extended at the expense of increasing the baseline. An 
appropiate choice appears for T g[0.25, 0.80] MeV and L = 0.25 km. 



V. CONCLUSIONS 

Recent analyses have shown 12, 3| the interest of using two detectors in reactor neutrino 
oscillation experiments in order to reduce systematic errors and reach a sensitivity to the Ug^ 
mixing comparable to the first-generation superbeams. Besides this strategy, we propose in 



this paper the use of the near detector to perform an appearance-like experiment by means of 
sitting around the dynamical zero in the Ue — e elastic scattering cross section [2^. Although 
the cross section for z/g + e~ — > z7e + e~ is about 1% that of + p ^ + n, the flux gain 
at smaller energies (around £77^ = 0.5 MeV) and the corresponding shorter baseline of the 
near detector compensate this factor. 

For a configuration with the near detector at ~ 0.25 km and a window in the electron 
recoil angle for Ve + e~ ^ Ve + e~ from to ~ 0.25 rad (for electron recoil kinetic energies 
up to ~ 1 MeV), we find a sensitivity down to sin^2^^i3 which is comparable to the one that 
can be reached using the inverse /3-decay reaction in the far detector at 1.7 km. In those 
windows for 17^ + e~ — * + e~, the cross section for (x 7^ e) is larger than that for V^, as 
can be seen in Fig. [2l 
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